The murPQ operon of Escherichia coli encoding the enzymes for degradation of MurNAc is derepressed by MurR (YfeT) in the presence of MurNAc-6-phosphate. MurR also represses its own expression. We found that murR is stimulated in rich medium. This activation involves MurR and most of the IIBC components of the phosphotransferase system, suggesting auto-induction of murR by an activated form of MurR.
For bacterial survival under unfavorable conditions in nature, a set of stress-response genes are expressed depending on the nature of the stress. Selective expression of stress-response genes takes place mainly at the step of transcription initiation by selective recognition of the promoter by combinations of RNA polymerase and DNA-binding transcription factors. 1) From the complete sequence of the Escherichia coli genome, a total of about 300 species of DNA-binding transcription factors have been predicted, the functions of which remain unidentified for about 100 factors. 2, 3) We performed a systematic analysis of the regulatory roles of these as yet uncharacterized transcription factors.
YfeT, consisting of 285 amino acids, is one of the putative transcription factors. It belongs to the RpiR family. The murQP operon encoding the enzymes for the degradation of N-acetylymuramic acid (MurNAc) is located next to the yfeT gene on the E. coli genome, and they are transcribed in opposite directions. In view of this gene organization, YfeT is considered to be a regulator for the murQP operon. In the middle of our research on identification of the functional role of YfeT, Jaeger and Mayer reported that YfeT is indeed involved in repression of the murQ promoter, and they proposed to rename it to MurR. 4) This report describes promoter regulation of the murQP and murR operons by MurR.
To measure the activity of the murR and murQ promoters, we constructed yfeT(murR)-lacZ and murQlacZ protein fusions by a method developed by Simon et al.
5) The murR and murQ promoter regions between À500 and þ150 with respect to the translation start sites were amplified by PCR using a pair of primers, YFET-P-LF (5 0 -GCTATGAATTCCGCCTTCCACCG-CGTGCTG-3 0 ) and YFET-P-LR (5 0 -TTTCGGGATCC-TCACTCCCCGCATTGCTTA-3 0 ), and YFEU-P-LF (5 0 -TCGGTGAATTCACTCCCCGCATTGCTTATT-3 0 )
and YFEU-P-LR (5 0 -AAATCGGATCCCCGCCGCC-GCTTACCTGGG-3 0 ) respectively. The fragments were digested with Bam HI and Eco RI, and then ligated to pRS552. Construction of the plasmids was confirmed by DNA sequencing (pDI0101containing murR-lacZ and pDI0102 containing murQ-lacZ). The lacZ fusion genes on the plasmids were inserted into the RS45 phage by recombination. Lysogens of E. coli BW25113 (the parent strain) and DI0200 (ÁmurR), the latter of which was constructed by removing the Km cassette in JW2524 (BW25113, murR::Km), 6) were constructed using two recombinant lambda phages, DI0101 (BW25113, murQ-lacZ); DI0102 (BW25113, murRlacZ); DI0201 (DI0200, murQ-lacZ); DI0202 (DI0200, murR-lacZ). The lysogens, DI0101, DI0201, DI0102, and DI0202, each carrying a single copy of murQ-lacZ or murR-lacZ, were grown in M9-glycerol medium and then subjected to measurement of -galactosidase activity by Miller method. 7) In good agreement with a previous report, 4) high-level expression of murQ-lacZ and murR-lacZ was detected only in the murR deficient mutant at both the logarithmic and the stationary phases ( Fig. 1A and B, lanes 1 to 4), confirming that MurR represses transcription of both the murQP and the murR by binding directly to the respective promoters. This finding confirms the auto-repression model of murR expression by the MurR protein.
Expression of murQ-lacZ and murR-lacZ was also measured for these lysogens grown in a rich LB medium. At the stationary phase, high-level expression of murR-lacZ was detected only in the murR mutant, as in the case of M9 medium (Fig. 1B , lanes 7 and 8), in agreement with the auto-repression model of MurR synthesis. At the exponential growth phase, however, the expression level of murR-lacZ was higher in wild type than in the murR mutant (Fig. 1B, lanes 5 and 6) . This unexpected result can be explained by assuming that MurR functions as an activator of murR expression (see below for possible mechanisms). The expressions of neither murQ nor murR was affected by the addition of 10 mM MurNAc (data not shown), which inhibits transcriptional repressions by MurR in minimum medium (see below), in LB medium. MurNAc appears not to be utilized as a nutrient or a signal in rich LB medium.
MurNAc is transported and converted to MurNAc-6-phosphate by a MurNAc-specific membrane component (MurP) of the MurNAc-specific enzyme IIBC PTS (the phosphotransferase system).
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Note murR-lacZ in wild-type E. coli grown in M9-glycerol medium ( Fig. 2A and B, lanes 2 and 3) , confirming the prediction that MurNAc-6-phosphate is the inducer of MurR. 8) As expected from this hypothesis, and in agreement with previous observations, 4) this induction was, however, not observed with GalNAc and GalN ( Fig. 2A and B, lanes 4 and 5) .
Expression of murR-lacZ was somehow induced in exponentially growing cells of wild-type E. coli grown in LB medium. The possible involvement of MurNAcspecific membrane transporter (MurP) was analyzed by measuring murR-lacZ expression in the murP mutant. In strain DI0502 (ÁmurP, murR-lacZ), the expression of murR-lacZ was markedly reduced (Fig. 3, lane 5) , as in the murR mutant (Fig. 3, lane 2) . Using the same promoter assay system, we also examined possible involvement of other IIBC components (AscF, BglF, NagE, PtsQ, and TreB) in the induction of murR-lacZ. To construct a series of knockout mutants, DI0300 (JW5435, ÁascF), DI0400 (JW3700, ÁbglF), DI0600 (JW0655, ÁnagE), DI0700 (JW1087, ÁptsG), and DI0800 (JW4199, ÁtreB), the Km cassette inserted in the respective IIBC genes of JW5435 (BW25113, ascF::Km), JW3700 (BW25113, bglF::Km), JW0655 (BW25113, nagE::Km), JW1087 (BW25113, ptsG::Km), and JW4199 (BW25113, treB::Km) was removed with FRT recombinase. Using the resulting knockout mutants, recombinant phage murR-lacZ was infected to prepare the respective lysogens (DI0300, DI0400, DI0600, DI0700, and DI0800). Surprisingly, murR expression was markedly reduced in all the IIBC knockouts (Fig. 3) , indicating that most IIBC components are needed for high-level expression of murR in rich nutrients. We found the complete inverted repeat sequence (5 0 -ATCGCCG-CGGCGAT-3 0 ) 130-bp upstream from the murR transcription start site, previously determined. 4) Expression of murR might be induced via another factor, C in M9 glucose medium (lanes 1 to 4) and LB medium (lanes 5 to 8) with shaking overnight. The overnight culture was diluted 100-fold with the same medium fresh and then grown at 37 C until log phase (0.3 to 0.4 of optical density 600 nm) (lanes 1, 2, 5, and 6) and stationary phase (0.9 to 1.0 of optical density 600 nm) (lanes 3, 4, 7, and 8). Thengalactosidasse activity was measured by the Miller method (Miller, 1972) . Values are the means with standard deviation (error bars) for four independent assays. C in LB medium with shaking overnight. The overnight culture was diluted 100-fold, and then grown at 37 C until log phase (0.3 to 0.4 of optical density 600 nm), and thengalactosidasse activity was measured. The error bars indicate standard deviation for four independent assays. directly regulated by MurR, sensing unidentified sugars. Another possible mechanism of auto-induction of murR expression by MurR lies in the fact that MurR can be converted into an activator form after interaction with an as yet unidentified effector. Most phosphorylated sugars can trigger activation of murR in a MurR-dependent manner. High-level expression of MurR can result in tight repression of the murPQ operon. Recently it has been established that a single transcription factor can be converted into both activator and repressor forms by interaction with various effectors. For instance, AllR, the regulator of a set of genes for purine degradation pathway downstream of allantoin, is converted into various forms after interaction with allantoin or glyoxylate. 9) MurNAc, a component of the bacterial cell wall, can be used as a carbon source after conversion to GluNAc by a combination of MurP (MurNAc-specific PTS enzyme) and MurQ (MurNAc-6-P etherase). 8) To utilize MurNAc as a carbon source, CRP, activated by cAMP when glucose is low, activates the murQP operon, 4) as in the case of the utilization of other non-glucose sugars. A low-level of the murQP operon is sufficient for the degradation of the cell wall. 10) However, high-level expression of the murQP operon is needed for growth on MurNAc as the sole source of carbon and energy. 8, 11) On the other hand, in rich media, the murPQ operon must be repressed tightly to avoid degradation of cell walls. It is thus plausible that under nutrient-rich conditions, murR is highly expressed to maintain a high level of MurR repressor.
